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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_N   (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: 

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _4.1-4.3, 5.1-5.6
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) __ Sometimes the bacteria may fail to form precipitates. It is useful to transfer a small amount of the frozen culture into a liquid medium first. Streaking may be performed after growth has occurred in the liquid first.

3.1, 3.2
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? _

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this protocol is to induce calcite precipitation in a stagnant culture of Sporosarcina pasteurii. 

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Swayamdipta: This method can help answer key questions about the biophysical aspects of S. pasteurii induced calcite precipitation such as the pertinent length and time scales.

1.2. Swayamdipta: The main advantage of this technique is that it standardizes the complex steps involved in suitably culturing and enriching the bacterium and ensuring reliable calcite precipitation.

Protocol (read by voice talent at JoVE):

2. Bacterial Culture Plate Preparation
2.1. To begin, assemble Petri dishes, flasks [2.1.1-WIDE/MED], Tris base, HCl, agar, deionized water [2.1.2-MED/CU], and a pH meter [2.1.3-MED/CU].  Sterilize all containers by autoclaving at 121 degrees C before use [2.1.4-WIDE/MED].
2.1.1. Talent places Petri dishes and flasks down on bench near Tris, HCl, etc.

2.1.2. Labeled Tris Base, HCl, agar, and deionized water arranged on bench in order of narration

2.1.3. Shot of pH meter

2.1.4. Talent places containers into autoclave and shuts door; B need another version for 5.3.2
2.2. Prepare 1 liter of a 0.13M aqueous solution of Tris buffer by mixing 15.75 grams of Tris base with 1 liter of deionized water [2.2.1-MED/CU].   Add approximately 2.8 ml of 50% HCl [2.2.2-CU] to adjust the buffer to a pH of 9 [2.2.3-MED/CU].
2.2.1. Talent adds Tris base to deionized water

2.2.2. Talent adds HCl

2.2.3. Talent measures pH and it reads 9.0

2.3. Swayamdipta: For Step 2.2: Once the culture is ready, it must be suitably enriched with the proper buffer. This step is vital to success of the experiment because a failure to provide the proper chemical environment leads to very long time scales of precipitation or a complete lack thereof [2.3.1-INTERVIEW].
2.3.1. INTERVIEW of talent reciting the above looking off camera
2.4. Next, divide the 1 liter of buffer into two parts as follows.  In one 400 ml aliquot, dissolve 8 g of ammonium sulfate [2.4.1-CU].  In a second 400 ml aliquot, dissolve 16 grams of yeast extract [2.4.2-CU].
2.4.1. Talent finishes pouring 400 ml into a beaker and then adds ammonium sulfate  

2.4.2. Talent adds yeast extract to a second 400 ml aliquot of buffer

2.5. In 100 ml of the buffer, mix 2 grams of ammonium sulfate [2.5.1-CU] and in the last 100 ml of buffer, add 4 grams of yeast extract and 4 grams of agar [2.5.2-CU].   After wrapping the flasks in aluminum foil, autoclave the 4 solutions [2.5.3-MED].
2.5.1. Talent adds ammonium sulfate to 100 ml of buffer

2.5.2. Talent adds yeast extract and agar to another 100 ml of buffer

2.5.3. Talent briefly holds wrapped flasks for camera and then places them into the autoclave

2.6. Immediately after autoclaving, set the two 400 ml solutions aside [2.6.1-MED/CU].   Combine the two 100 ml solutions, mix well [2.6.2-MED/CU], and divide between 10-12 Petri dishes [2.6.3-MED/CU].
2.6.1. Talent places two 400 ml solutions aside on bench

2.6.2. Film as written

2.6.3. Talent finishes pouring plates

3. Bacterial Sample Preparation
3.1. To culture bacterial samples, remove the bacterial stock from the -80°C freezer [3.1.1-WIDE] and allow it to thaw properly [3.1.2-MED/CU] then place it along with an agar plate in the biosafety hood [3.1.3-MED].
3.1.1. Talent removes samples from freezer

3.1.2. Talent sets samples on clean paper towel in biosafety cabinet

3.1.3. Film as written 

3.2. Select a micropipette of the lowest possible volume [3.2.1-CU] and dip a micropipette tip into the Sporosarcina pasteurii stock [3.2.2-CU/ECU] before using the tip to streak an agar plate [3.2.3-CU].

3.2.1. Film as written

3.2.2. Film as written

3.2.3. Film as written

3.3. Incubate the plate at 31°C for 48 hours [3.3.1-WIDE] then visually examine for the presence of single colonies [3.3.2-CU/ECU].  If none are present, incubate for an additional 24 hours [3.3.3-WIDE].  Repeat the check and incubations until single colonies are detected [3.3.4-CU/ECU-TXT].

3.3.1. Talent places plate into incubator; B need another version for 3.3.3 below; C need another version for 4.6.2 below
3.3.2. Talent checks plate and there are no colonies present, Videographer, this shot should carry into the beginning of the second sentence

3.3.3. Use 3.3.1B here

3.3.4. Talent inspects plate again and colonies are present (TEXT: do not exceed 7 days).
4. Final Bacterial Culture Sample Preparation and Final Cell Count
4.1. To prepare the final bacterial culture samples, mix together the two 400 ml solutions autoclaved earlier [4.1.1-MED/CU] and transfer 125 ml into a flask [4.1.2-CU].  
4.1.1. Film as written

4.1.2. Film as written

4.2. Perform a visual examination of the agar plate to identify regions with high concentrations of single colonies [4.2.1-CU/ECU].  With a micropipette tip, gently nudge and break one of the colonies [4.2.2-ECU], then dip the same tip into the 125 ml flask and stir it thoroughly to ensure that a sufficient number of cells are transferred [4.2.3-MED/CU].
4.2.1. Talent examines plate and points out a high concentration of single colonies

4.2.2. Film as written

4.2.3. Film as written
4.3. Place the flask in a shaking incubator at 30 °C and 150 rpm for 2-3 days [4.3.1-MED].
4.3.1. Talent places flask into incubator and starts the shaking  
4.4. To determine a final cell count, draw 7 parallel equidistant bold lines on the bottom of one of the agar plates [4.4.1-CU] so that they are visible from the top [4.4.2-CU/ECU].  Place 3 small drops of non-diluted culture into one segment [4.4.3-CU].
4.4.1. Film as written

4.4.2. Shot of plate from top with lines visible

4.4.3. Film as written

4.5. Add 1 ml of non-diluted culture to 9 ml of PBS to obtain a 1:10 dilution [4.5.1-CU].  Then place three small drops of the dilution onto a second segment of the plate [4.5.2-ECU].  Transfer the diluted culture to a new flask and use PBS to dilute an additional 10 times to 10 -2 [4.5.3-CU].

4.5.1. Film as written

4.5.2. Film as written

4.5.3. Film as written 

4.6. Repeat the plating and dilution process until generating a dilution of at least 10-7 to ensure single colonies will be obtained [4.6.1-MED/CU].  Incubate the plate at 31°C for 1 -2 days [4.6.2-WIDE] before counting the colonies in each section of the plate [4.6.3-CU/ECU-TXT].
4.6.1. Series of dilutions with plates set up and labeled on bench as talent finishes the last dilution 
4.6.2. Use 3.3.3C here

4.6.3. Talent counts colonies that are visible on the plate (TEXT: seal and store plates in fridge for later use)
5. Nutrient Enrichment to Accelerate Precipitation and Multi-mode Microscopy
5.1. Transfer 9 ml of the prepared liquid culture into several sterilized 10 ml centrifuge tubes [5.1.1-CU]. 
5.1.1. Film as written

5.2. Prepare 100 ml of the external enrichment stock solution by using an analytical balance to carefully measure out 2g/L of urea [5.2.1-MED/CU], 1g/L of ammonium chloride [5.2.2-CU], 212 mg/L of sodium bicarbonate [5.2.3-CU], and 280 mg/L of calcium chloride [5.2.4-CU].
5.2.1. Talent measures out urea on analytical balance

5.2.2. Talent measures ammonium chloride

5.2.3. Talent measures sodium bicarbonate

5.2.4. Talent measures calcium chloride
5.3. Into a beaker with fresh medium, combine all the ingredients except the urea [5.3.1-CU] and autoclave [5.3.2-WIDE-TXT].

5.3.1. Talent adds all ingredients except urea to beaker with medium 

5.3.2. Use 2.1.4B here (TEXT: 121°C, 15 psi, 15 min).
5.4. After autoclaving, mix the urea with 1 ml of fresh medium [5.4.1-MED/CU] and pass the solution through a syringe fitted with a 0.2um filter [5.4.2-CU] before adding to the enrichment medium [5.4.3-CU].
5.4.1. Talent mixes urea into fresh medium

5.4.2. Film as written

5.4.3. Film as written

5.5. Add 1 ml of the enrichment medium with additives to the sterilized centrifuge tubes containing 9 ml of the prepared culture [5.5.1-MED/CU].

5.5.1. Film as written

5.6. Vortex each tube [5.6.1-MED/CU] and incubate in a non-shaking incubator at 30°C [5.6.2-MED].  Monitor all the units regularly for initiation of precipitation.  Once precipitation is detected with the naked eye [5.6.3-CU], transfer a small volume of fluid to a high magnification microscopy chambered coverglass system [5.6.4-CU].

5.6.1. Film as written

5.6.2. Talent places tubes into non-shaking incubator

5.6.3. Talent picks up tube and examines and sees that it has precipitation

5.6.4. Film as written

5.7. Initially view under 4X magnification to observe a wide area of coverage before progressively increasing the magnification [5.7.1-MED-TXT].  Perform staining and SEM experiments according to the text protocol [5.7.2-LM].
5.7.1. Talent at scope looking through eyepieces then changes the magnification (TEXT: 20X, 40X, 60X)
5.7.2. LAB MEDIA 53253 Aloke Figure 20X and LAB MEDIA 53253 Aloke Figure 40X, Editor, place bring these in towards the end of the last sentence to represent increased magnification.
6. Results: Calcite Precipitation by Sporosarcina pasteurii 
6.1. When S. pasteurii is cultured following the protocol demonstrated in this video, the bacteria lead to the precipitation of calcium carbonate that settles to the bottom of the tube over time [6.1.1-LM].
6.1.1. LAB MEDIA Figure 2a, Editor, for the precipitation, add in the red circle at the bottom of the tube and the box that says ‘calcite precipitation.’
6.2. This figure shows phase contrast images of a clearly distinguished rod-like bacterial population within the medium [6.2.1-LM].
6.2.1. LAB MEDIA Figure 2b, c, Editor, bring in b and then c and add in the Sp when the rod-like bacteria are mentioned and then the Cc for the precipitate.
6.3. Here, the well-defined cleavage lines, a hallmark of crystallinity can be seen [6.3.1-LM].  This X-ray Photo-electron Spectroscopy (XPS) graph for the same sample contains peaks corresponding to carbonate groups that pin-point the existence of calcium carbonate [6.3.2-LM].
6.3.1. LAB MEDIA Figure 3a, Editor, add in the white arrows in ‘a’ for the cleavage lines
6.3.2. LAB MEDIA Figure 3b, Editor, point out the various peaks for the existence of calcium carbonate.
6.4. Shown in this panel is an untreated sponge that easily compresses when subjected to a 1 kg weight [6.4.1-LM].  When a sponge was immersed in a calcite precipitate solution with S. pasteurii for 7 days and then dried, it hardened and displayed enhanced compressive strength due to pore clogging from calcite precipitation [6.4.2-LM]. 
6.4.1. LAB MEDIA Figure 4a and Editor, add in 4b for ‘that easily compresses when subjected to a 1 kg weight.’
6.4.2. LAB MEDIA Figure 4b

7. Conclusion (said by authors on camera)

7.1. Swayamdipta: Once mastered, this technique can be completed in a few hours if it is performed properly. While the various steps take just a few minutes each, there will be longer idle periods when samples are incubated for several hours to days.

7.2. Swayamdipta: Following this procedure, other methods like several characterization techniques can be performed in order to answer additional questions like what is the statistical distribution of different polymorphous forms of calcium carbonate.

7.3. Swayamdipta: After watching this video, you should have a good understanding of how to suitably culture S. pasteurii, enrich it properly to induce calcite precipitation and observe the process through multi-mode microscopy.

7.4. Swayamdipta: Don't forget that working with high-pressure autoclaves can be extremely hazardous and precautions such as complete venting of the chamber and wearing PPEs should always be taken while performing this procedure.

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here:
LAB MEDIA: 53253_Aloke_Figure1.tif: The outline of the entire culture protocol represented as an algorithmic schematic.
LAB MEDIA: 53253_Aloke_Figure2(a).tif: Population of bacteria immobilised onto the culture medium seen under phase-contrast. Individual rod-shaped cells (bacilli, labeled Sp) may be seen clearly.
LAB MEDIA: 53253_Aloke_Figure2(b).tif: The cells in the culture medium confined inside a centrifuge tube lead to clear observable chemical precipitation (after 5-7 days) that settles down at the bottom and is visible to the naked eye.
LAB MEDIA: 53253_Aloke_Figure2(c).tif: SEM image of the white precipitate showing both cells (Sp) and crystals (Cc).
LAB MEDIA: 53253_Aloke_Figure3(a).tif: Scanning electron microscope image of the dried precipitate. Individual crystals and associated cleavage lines are clearly visible.
LAB MEDIA: 53253_Aloke_Figure3(b).tif: X-ray Photo-electron Spectroscopy (XPS) graph of the chemical precipitate; mass spectrometry peaks corresponding to carbonate functional group reinforce the possibility of the existence of calcite.
LAB MEDIA: 53253_Aloke_Figure4(a).tif: A semi-quantitative experiment with sponge bars serving as prototype porous media (dry sponge, uncompressed).
LAB MEDIA: 53253_Aloke_Figure4(b).tif: A semi-quantitative experiment with sponge bars serving as prototype porous media (dry sponge, compressed).
LAB MEDIA: 53253_Aloke_Figure4(c).tif: A semi-quantitative experiment with sponge bars serving as prototype porous media (wet sponge, uncompressed).
LAB MEDIA: 53253_Aloke_Figure4(d).tif: A semi-quantitative experiment with sponge bars serving as prototype porous media (wet sponge, compressed).
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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